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PHASE  I  REPORT 


NATIONAL  DAM  SAFETY  PROGRAM 


Name  of  Dan 
State  Located 
County  Located 
Stream 

Date  of  Inspection 


Frontier  Lake  Dan 
Missouri 
Wayne  County 
Camp  Creek 
12  July  1978 


Frontier  Lake  Dam  was  inspected  by  an  interdisciplinary  team 
of  engineers  from  the  Memphis  District,  U.S.  Army  Corps  of  Engineers. 
The  purpose  of  the  inspection  was  to  make  an  assessment  of  the 
general  condition  of  the  dam  with  respect  to  safety,  based  upon 
available  data  and  visual  inspection,  in  order  to  determine  if  the 
dam  poses  hazards  to  human  life  or  property. 

The  guidelines  used  in  the  assessment  were  furnished  by  the 
Department  of  the  Army,  Office  of  the  Chief  of  Engineers  and  devel¬ 
oped  with  the  help  of  several  Federal  and  State  agencies,  profes¬ 
sional  engineering  organizations,  and  private  engineers.  Based  on 
these  guidelines,  this  dam  is  classified  as  a  intermediate  size  dam 
with  a  high  downstream  hazard  potential.  Failure  would  threaten  the 
life  and  property  fo  approximately  6  families  downstream  of  the  dam 
and  cause  appreciable  damage  to  highway  N,  approximately  1  1/4  miles 
downstream  of  the  dam. 

The  inspection  and  evaluation  indicate  that  the  spillway  does 
not  meet  the  criteria  set  forth  in  the  guidelines  for  a  dam  having 
the  above  mentioned  size  classification  and  hazard  potential. 
According  to  the  guidelines,  the  spillway  is  required  to  pass  the 
Probable  Maximum  Flood  (PMF)  without  the  dam  embankment  being 
overtopped.  The  spillway  will  only  pass  15  percent  of  the  PMF 
before  the  dam  embankment  is  overtopped.  Because  the  spillway 
will  not  pass  1/2  of  the  PMF  without  overtopping,  the  dam  is 
classified  as  "unsafe  non-emergency."  Also  the  spillway  will  not 
pass  the  100-year  flood  without  overtopping,  which  is  a  flood  that 
has  a  1  percent  chance  of  being  exceeded  in  any  given  year. 

Other  deficiencies  visually  observed  by  the  inspection  team 
were  bushes  and  small  trees  on  the  downstream  embankment  slope,  no 
erosion  protection  on  the  upstream  embankment  slope  and  no  erosion 
protection  on  the  emergency  spillway  guide  dike  near  the  spillway 
outfall.  Another  deficiency  found  was  the  lack  of  seepage  and 
stability  analysis  records. 


It  is  recommended  that  the  owner  take  action  to  correct  or 
control  the  deficiencies  described.  Corrective  works  should  be 
in  accordance  with  analyses  and  design  performed  by  an  engineer 
experienced  in  the  design  and  construction  of  dams. 


Hydraulic  Engineer 
Memphis  District 
Corps  of  Engineers 


SUBMITTED  BY: 


SIGNED 

Chief,  Engineering  Division 
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SECTION  1 


P'lOJECT  INTORriATION 


1,1  GENP.lUL 


a.  Authority.  The  National  Dam  Inspection  Act,  Public  Law 
92-367,  authorized  the  Secretary  of  the  Army,  through  tlie  Corps  of 
Engineers,  to  initiate  a  program  of  safety  inspection  of  dams 
throughout  tl\e  United  States.  Pursuant  to  the  above,  the  St.  Louis 
District,  Corps  of  Engineers,  District  Engineer  directed  that  a 
safety  inspection  of  the  Frontier  Lake  Dam  be  made. 

b.  Purpose  of  Inspection.  The  purpose  of  the  inspection  was 
to  make  an  assessment  of  tlic  general  coi\dition  of  the  dan  with 
respect  to  safety,  based  upon  available  data  and  visual  inspection, 
in  order  to  determine  if  tlie  dam  poses  hazards  to  human  life  or 
property. 


Evaluation  Criteria.  Criteria  used  to  evaluate  tlie  dam 
were  furnislicd  by  the  Department  of  the  Army,  Office  of  the  Cluef 
of  Engineers,  in  "Ueconmended  Cuidolines  for  Safety  Insnection  of 
Dans."  These  guidelines  wore  developed  witl'.  the  help  of  several 
Federal  agencies  and  nan\'  State  agencies,  professional  engineering 
organizations,  am!  private  engineers. 

1,2  DESCRIPTIO::  OF  PROJECT 

a .  Descrintion  of  Dam  and  Anoiirtcnanccs. 

(1)  Tlie  dan  is  an  earth  structure  built  in  a  narrow  valley 
in  tlie  uplands  whic'.i  border  the  Mississippi  Emba>’nent.  Topography 
adjacent  to  tlie  valley  is  rolling  to  steep.  Soils  in  the  area  are 
formed  of  sandy  clays  wit'i  rock  fragments.  To]iography  in  the 
vicinity  of  the  dan  is  sliown  on  I’late  2. 

(2j  A  vortical  inlet  constructed  of  •I2-i'.icl'.  diameter,  s::'.ooth 
iron  pipe  junetioned  \v'it!i  a  So-incli  snoot'.i  iron  piipe  is  t!\e  primary 
means  of  discharge.  A  valve  controlled  lake  drain  consisting  of  an 
ID-inch  dLa:'ioter  pipe  is  also  connected  to  tlie  ‘12-inch  inlet  nine. 
An  emergency  spillway  is  cn.t  into  rock  on  tlic  left  abutment.  Tl'c 
spillway  is  a  trapezoidal  section  witli  a  33- foot  liottom  width  and 
side  slopes  of  npproxi'zatcly  IV  on  31!.  The  spillway  is  129  feet 
long  from  the  crest  of  tlie  spillw.ay. 

(3)  Pertinent  physical  data  arc  given  in  parngrnnli  1.3  below. 


b.  Location.  T!ie  (Jan  is  located  in  the  central  portion  of 
V.'ayne  County,  Missouri,  as  shown  on  Plate  1.  The  lake  forned  lyv 
the  dan  is  slioiai  on  the  Patterson,  Missouri  Ouadranc.Ie  sheet  in 
Sections  26,  27,  34,  and  555  Township  30  Northl  Ranpe  4  Past. 

c.  Size  Classification.  Criteria  for  deternininp  the  size 
classification  of  dams  and  impoundments  are  presented  in  the  guide¬ 
lines  referenced  in  parap.raph  1.1  c  above.  Based  on  these  criteria, 
this  dam  and  impoundments  is  in  the  intermediate  size  category. 

d.  Hazard  Classification.  Cuidelincs  for  determining  hazard 
classification  arc  presented  in  the  same  puidelines  as  referenced 
in  parar;raph  c  above.  Rased  on  referenced  jjuidelines,  tins  dam 

is  in  tlio  niph  Hazard  Classification. 

e.  Ownership.  This  dan  is  owned  by  Mrs.  Diana  h'ard  of 
Frontier  Lake,  Patterson,  Missouri  63956. 

f.  Purpose  of  Dam.  The  dam  forms  a  62-acro  recreational 

lake . 

p.  Dcsipn  and  Construction  History.  TIic  dam  was  desipned  by 
the  U. 5.  Departnent  of  Agriculture  Soil  Conservation  Service.  Read¬ 
ily  available  desipn  data  were  limited  to  a  set  of  drau'inps  dated 
Aupust  1964.  The  drawings  consist  of  a  hydraulic  and  hydroloeic 
desipn,  a  location  nlan,  a  t>T)ical  embankment  cross-section  (see 
Plato  5)  and  a  section  t'aroup.li  dam  centerline  (see  Plate  4).  Vdiether 
or  not  slotic  stain lity  and  seepnpc  analyses  were  performed  usinp 
suitable  loading  condition  is  unknoim.  A  contractor  from  Poplar 
Rluff,  Missouri  constructed  the  dam  durinp  1965.  Location  of  horro\; 
areas  aiu!  th.e  effort  utilized  in  conpactinp.  the  liorrow  material  is 
unkno’.m.  A  core  trench  \.as  reportedly  placed  ])oncath  the  embankment. 

A  typical  embankment  cross-section  from  the  1964  drawin"s  shoi-.'inp 
the  ]ir inary  features  of  the  vertical  inlet  and  discharge  'ystem  is 
presented  on  Plate  5.  Rased  on  the  insjicction  survoy,  an  averap.e 
IV  on  2.2H  downstream  onbankmoTit  slope  was  used  instead  of  ]\’  on  2H 
slope  specified  in  the  196.1  drawinps  and  an  avcra,",e  IV  on  3.311  up- 
strea;.’.  emi-ankizent  slope  was  used  instead  of  the  specified  1\'  on  5!i. 

i>.  Hormal  (i;icratin<:  Pr(7ccdurc.  Normal  rainfall,  runoff, 
transpiration,  and  evanoration  all  conliinc  to  maintain  a  relatively 
stable  water  surface  elevation.  The  cnorponcy  spillway  was  report¬ 
edly  used  several  times  with  the  maximum  experienced  depth  of  approx  - 

imately  one  half  of  a  foot  occurin"  in  March  1P77.  A  lake  drain  is  pro¬ 
vided  to  draw  down  the  lake  level  durinp.  the  winter  nontiis  for  l)io- 
lop.ical  lake  maintenance. 
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1.3  PrRTI'.’PCT  DATA 


a.  Drainage  Area  -  3350  acres  (1073  inventory). 

3207  acres  (1064  drawings). 

3206  acres  (Topoyrapljic  Quadrangle) . 

b .  Discharge  at  Dansi t e . 

(1)  Discharge  can  take  place  both  through  a  vertical  pipe 
inlet  and  an  cnergcncy  spillvcay. 

(2)  hstinated  exnerienced  naxinun  flood  at  tJie  dansite  - 
ISO  cfs. 

c .  F.lcvation  (Feet  above  M.  3.  L.) 

(1)  Top  of  dan  -  671.5  ^  (Irxistiny,  see  Plate  4). 

669.6  (1964  Design,  see  Plate  4). 

(2)  Top  of  vertical  inlet  -  661.9. 

(3)  Invert  of  discharge  pipe  at  the  stilling  basin  -  631.7. 

(4)  Spillway  crest  -  667.0  +_  (Pxisting). 

666.3  ^  (1964  Design). 

(5)  Streanbed  at  centerline  of  dan  -  631.5  (1964  drawings) . 

(6)  Ikixir.un  tailwater  -  unknown. 

d.  Reservoir.  Length  of  naxirain  pool  -  3700  ^  feet  (1964 
drawings) . 

c .  Storage  (Acre- Feet). 

(1)  Maxinun  -  992  (1973  inventory). 

163.S  (1964  drawings  and  S43  acre-feet  as  norna.I 
storage) . 

(2)  h’ornal  -  S43  (1973  inventory), 
f.  Reservoir  Surface  (Acres) . 

(1)  Top  of  dan  -  102.5, 

(2)  Spillway  crest  -  83.4 

(3)  Invert  of  vertical  inlet  -  62.3. 
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(1)  Type  -  earth  enhankment. 

(2)  Len;;tli  -  375  ^  feet. 

(3)  Meie.ht  -  40  feet  naximiin. 

C4)  Top  width  -  13  ^  feet. 

(5)  Side  slopes  - 

(a)  Downstream  -  IV  on  2.2H  (Average). 

(b)  Upstream  -  IV  on  3.31!  (Average). 

(6)  Downstream  berm  -  el.  654  +  feet  m.s.l.  and  5  feet  vjide 
(All  Average  c.xi=*inn  conditions.) 

(7)  Upstream  berm  -  dimensions  no  longer  definable. 

(8)  Zoning  -  unknown. 

(0)  Impervious  core  -  unknoxvn. 

(10)  Cutoff  -  Reportedly  placed  beneath  enbanknent. 

(11)  Crout  curtain  -  unknown. 

h.  Diversion  and  Re'U'lating  Tunnel.  None, 
i  Primary  Discharge  System. 

(1)  Type  -  An  uncontrolled  42-inch  diameter  inlet  pipe  iunctioncti 
with  a  30-inch  diameter  discharge  pipe  (see  y)aragrapii  1.2  a). 

(2)  Length  of  42-iacli  <liainetcr  pipe  -  16  feet  (1P6;’  dra’.'.'inps)  . 

(3)  Lcni’th  of  30-inch  diameter  nipe  -  116  feet  (106!  drawings). 

(4)  Top  elevation  of  vertical  inlet  -  661.0  feet  m.s.l. 

(5)  Invert  of  discharge  pipe  at  stilling  basin  -  631.7  feet 

m.s.l. 

j .  Emergency  Spillway. 

(1)  Type  -  Uncontrolled  (rock)- 


(2)  '.Viilth  of  \i'eir  -  55  feet  (Hotton  wiJt’i) . 

(3)  Length  of  weir  -  120  ^  feet  (Fron  crest  of  Spillway). 

(4)  Crest  elevation  -  667.0  ^  feet  n.s.l. 
k.  Revulatin,"  Outlet. 

(1)  Tyiie  -  valve  controlled  10-inch  dianeter  pipe. 

(2)  Pipe  Len^'Ttl'.  -  30  feet  (Fstinate). 

(3)  Invert  of  pipe  in  lake  -  unknown. 

(4)  nisc}iarpe  Invert  -  655.0  feet  ra.s.l.  (Discharges  into 
42- inch  dianeter  inlet  pipe). 


srcTio'j  2  -  r\'nr:rrRi-:'i  data 


2.1  DnsiGN- 

The  tian  was  designed  by  the  It. S.  Department  of  Ayricultiire 
Soil  Conservation  Service.  Readily  available  dcsi"n  data  were 
limited  to  a  set  of  drawings  dated  Aueust  1DA4.  The  drawings 
consist  of  a  hydraulic  and  hydroloyic  desiyn,  a  location  nlan, 
a  tynical  enlianhment  cross-section  (see  Plato  5),  ant!  a  center- 
line  section  throurh  t!ic  dan  (sec  Plate  4) .  Vd^ether  or  not 
slope  stability  and  sccpaiTC  analyses  wci'e  nerforned  usiny  suit¬ 
able  loading  conditions  is  unbnown. 

2.2  CO:iSTRUCTIO\’ 

Tlie  dan  was  constructed  in  1965  by  a  construction  comnany  from 
Poplar  Bluff,  Missouri.  The  cartii  embankment  was  nrobably  constructed 
of  a  red  sandy  clay  with  varyinc^  amounts  of  rock  fra.^ments.  The  location 
of  the  borrow  areas  and  the  effort  utilized  in  conpactinp  the  borrow 
material  is  unknoi<m.  A  core  trench  was  reportedly  placed  below  tlie 
embankment.  A  typical  emlianknent  cross-section  from  the  1964  drawings 
showing  the  primary  features  of  the  vertical  inlet  and  discharpe 
system  is  presented  on  Plate  .5.  r>ased  on  the  insnection  survey  an 
avorape  IV  on  2.2H  downstream  embankment  slope  was  used  instead  of 
the  IV  on  211  slope  specified  in  the  1964  drawinps  and  an  averape  IV 
on  a.. ill  upstream  embankment  slope  was  used  instead  o^  the  soecified 
IV  on  .ill. 

2.3  0PF.RATI0:! 

The  cmerpency  spillway  was  reportedly  used  several  times  when 
the  vortical  inlet  pipe  became  obstructed.  The  emerpency  spillway 
was  reportedly  used  only  once  wlien  the  inlet  pipe  was  not  obstructed. 

Tiiis  occurred  in  Marcli  1977  when  the  cmerpency  snillway  flow  was 
approximately  0,5  feet  deep  (sec  Photos  S,  9,  10,  and  11). 

2.4  bVAI.UATKP; 

Availabi 1 ity.  The  only  enpincerinp  data  available  wore 
mentioned  in  parapraphs  2,1  -  2.3  above. 

b.  Adequacy.  The  1964  hydraulic  and  hydrolopic  tlesipn  was 
inadequate  to  assess  if  the  dam  could  pass  the  probalilc  maximum  flood 
(P.MF-)  wit.hout  overtoppinp.  The  desipn  nresented  on  the  1964  drawinp 
was  for  a  50-ycar  frequency  storm  which  is  mucli  smaller  tlian  the  I”'F. 
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Seepage  and  stability  analyses  comparable  to  the  requirements 
of  the  "Recommended  Guidelines  for  Safety  Inspection  of  Dams"  were 
not  available,  which  is  considered  a  deficiency.  These  seepage 
and  stability  analyses  should  be  performed  for  appropriate  loading 
conditions  (including  earthquake  loads)  and  made  a  matter  of  record. 

c.  Validity.  The  engineering  data  presented  appeared  to  be 
valid. 
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Sr.CTION’  3  -  VISUAL  IXSPnCTW: 


3.1  Fi:.’ DINGS 

a.  General .  Visual  inspection  of  Frontier  Lake  Dan  was  per¬ 
formed  on  12  July  197r>.  Personnel  nakin"  the  inspection  were  en- 
ployces  of  the  >fenipliis  District,  Gorps  of  niifrineers,  am!  included 
a  noolo^ist,  hydraulic  engineer,  and  soils  en'^inccr.  Specific  obser¬ 
vations  arc  discussed  below. 

h.  Project  Geology.  The  dan  is  located  on  the  unlanc'.s  v/hich 
bo2'der  t.he  Mississinni  llnhayncnt  and  lies  on  the  Pre-Ganbrian  pranit 
bedrock.  In  this  area  the  rock  is  a  red  and  pray  pranitc  with,  prani 
poriiiwries .  Outcrops  of  t!ic  pranitc  occur  in  both  abutments  and 
boulders  and  outcrops  arc  exposed  in  tlie  spillway  area.  Based  on 
the  soil  tyT>es  in  the  area  and  exposed  soils  in  tiic  enbanknent,  t’lc 
dan  is  prolx\l'’ly  conposed  of  sandy  clay  wit'n  rock  frapnents.  The 
dan  is  located  in  Seismic  Zone  2. 

c.  Dan.  No  detrimental  settlcrient,  crackinp,  slides  or  animal 
burrows  wore  observed  in  or  near  the  earth  enbanknent.  Typical 
existing  cross-sections  of  tlic  enbanknent  arc  shown  on  Plates  6,  7, 
and  S.  These  sections  are  consistent  with  the  cross-section  pre¬ 
sented  in  the  Soil  Conservation  Service  1964  drawings  (see  Plate 

5).  Vertical  erosion  faces  2-3  feet  hiph,  were  ohserveci  alonp  tlie 
upstrean  enbanknent  slope  (see  Photo  2).  Several  5  to  S-foot  hiph 
busiies  and  trees  were  prowinp  on  the  downstream,  slone  (see  Piioto  3). 

d.  .Aupurtenant  Structures.  A  vertical  inlet  constructed  of 
42-incli  diameter,  smooth  iron  pipe  junctioned  wit!i  a  .SD-incli  diam¬ 
eter,  sr.oot!',  iron  pipe  is  the  primary  means  of  discharge.  A  metal 
baffle  is  m.ounted  on  the  vertical  inlet.  .\  trasli  rack  consisting  of  a 
weldetl  cape  of  reinforcement  rods  surrounds  the  inlet  (see  Photo  4). 
The  outlet  pipe  di scliarpos  into  a  stillinp  basin  jirotcctod  with  a 
tliick  riprap  blanket  (see  Plioto  S'), 

An  emerpcncy  snillway  on  t!ie  loft  alnitmcnt  is  cut  into  rock 
consisting  primarily  of  pranite.  Tlie  spillw'ay  is  a  trapezoidal 
section  with  a  .S.S-foot  )50tton  widtli  and  side  slojies  of  apiu'oximatcly 
IV'  on  31!.  TI\c  spillway  is  120  feet  long  from  the  crest  of  the 
spillway  (see  Photo  6). 

Tlie  spillway  is  narallelcd  hy  a  puidc  dike  or  Iicrm  whicli  diverts 
the  spillway  outfall  from  the  dan  em.liankmcnt  (sec  Plate  3).  The  end 
of  tlic  spillway  puidc  dike  has  been  eroded  toward  the  dam  embankment 
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by  flow  throup.h  the  cr.ioryoncy  spillway  (see  Photo  7).  hater  flowint; 
throiif^h  tlie  emergency  spillway  outfall  and  attacking  the  spillway 
guide  dike  is  shorn  on  Pliotos  9,  10,  and  11  ^vhich  were  taken  by  the 
Soil  Conservation  Service  in  March  1977.  Tlie  emergency  spillway  was 
flowing  at  an  approximate  depth  of  0.5  feet. 

A  valv'c  controlled  lake  drain  consisting  of  an  18-inch  diameter 
pipe  is  junctioned  to  the  42-inch  diameter  vertical  inlet  pipe  (see 
Plate  7).  Because  of  the  unaccessiblc  location  of  the  drain,  it 
could  not  be  inspected.  Reportedly  the  lake  is  drawn  down  several 
feet  every  winter  for  biological  lake  maintenance. 

e.  Reservoir  Area.  Mo  excessive  erosion  or  slides  were 
observed  along  the  shore  of  the  reservoir.  But  wave  wash  has 
eroded  a  2-3  foot  vertical  face  along  the  shore. 

f.  DoTvnstream  Channel.  The  downstream  channel  is  not  over¬ 
grown  witli  vegetation  and  is  protected  with  a  rock  l^lanket. 

.3.2  nVALUATIO.M 

N'one  of  the  conditions  observed  are  significant  enough  to  in¬ 
dicate  a  need  for  immediate  remedial  action  or  a  serious  potential 
of  failure,  frosion  on  the  upstream  embankment  si  one  and  on  the 
emergency  spillway  guide  dike,  and  vegetation  on  the  downstream 
slope  are  deficiencies  which,  left  uncontrolled  or  uncorrectod, 
could  load  to  the  development  of  potential  problems. 
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SI-CTION’  4  -  OPFZRATIO.-.’AL  PROCriDURES 


4.1  PROCEDURES 

The  primary  discharge  system  and  the  emerj^ency  snillway  are 
uncontrolled;  tlierefore,  no  rce.ulatin.q  procedures  exist  for  these 
structures.  The  valve  controlled  lake  drain  described  in  parar»rap!i 

3.1  d  is  used  for  biolot^ical  lake  maintenance.  Reportedly  the  lake 
is  drawn  down  several  feet  every  winter. 

4.2  MAr.’TE>JA\CE  OF  DAM 

The  dam  embankment  and  appurtenant  structures  apnoar  well 
maintained,  except  for  the  erosion  on  tlso  upstream  embank.neTit 
slope  and  on  tlie  emergency  spillway  ruide  dikes,  and  the  bushes 
and  small  trees  on  the  downstream  slope. 

4.3  ^k\i:iTC!AMCE  OP  OPrdlkTIMG  FACILITIES 

Mo  information  is  available  concerninp,  maintenance  of  the 
lake  drain. 

4.4  nr.SCRIPTIOh'  OP  AMY  ’•■AR.MIM'G  SYSTEM  IM  EFFECT 

Tl'.c  insnection  team  is  not  aware  of  any  existing  warninp  system 
for  tl'.is  dam. 

4.5  EVALUATIOM 


If  the  erosion  on  tlic  upstream  embankment  slooo  and  on  the  cmerpency 
spillway  puide  dikes,  and  tlic  tree  and  brush  prowth  on  the  ('ovaistrea)i 
o:iban!;ricnt  slonc  are  allowed  to  continue,  a  serious  potential  o^ 
failure  may  devolone. 


SECTION  5  -  HYDRAULIC/HYDROLOGIC 


5.1  EVALUATION  OF  FEATURES 

a.  Design  Data.  The  available  hydraulic  and  hydrological 
design  appears  accurate  and  is  discussed  in  SECTION  2. 

b.  Experience  Data.  The  drainage  area  was  developed  using 
uses  Patterson  Quadrangle.  The  lake  surface  area  and  storage 
values  were  determined  using  the  1964  drawings  furnished  by  the 
Soil  Conservation  Service.  The  spillway  and  dam  layout  are  made 
from  surveys  conducted  by  the  inspecting  team.  Comparisons  were 
made  with  the  1964  drawings  and  the  inspection  surveys.  All  relat 
ive  elevations  are  comparable  with  the  elevations  on  the  1964 
drawings. 


c.  Visual  Observations. 

(1)  The  vertical  shaft  and  rock  spillway  are  in  excellent 
condition. 

(2)  The  vertical  shaft  is  located  approximately  163  feet  from 
the  right  abutment  while  the  spillway  is  located  in  the  left  abut¬ 
ment.  Releases  from  either  structure  will  not  endanger  the  integ¬ 
rity  of  the  dam. 

d.  Overtopping  Potential.  The  spillway  will  pass  15  percent 
of  the  Probable  Maximum  Flood  (PMF),  without  overtopping  the  dam. 
The  Probable  Maximum  Flood  (PMF)  is  defined  as  the  flood  discharge 
that  may  be  expected  from  the  most  severe  combination  of  critical 
meteorologic  and  hydrologic  conditions  that  are  reasonably  possible 
in  the  region.  For  its  size  and  hazard  category,  this  dam  is 
required  by  the  guidelines  to  pass  the  PMF.  Because  the  spillway 
will  not  pass  one-half  of  the  PNfF  without  overtopping,  the  dam 

is  classified  as  "unsafe  non-emergency."  The  spillway  will  not 
pass  the  100-year  flood  without  overtopping,  which  is  a  flood 
that  has  a  one  percent  chance  of  being  exceeded  in  any  given  year. 

The  effect  from  rupture  of  '<he  dam  could  extend  approximately 
10  miles  downstream  of  the  dam.  'fhere  are  5  inhabited  homes  down¬ 
stream  of  the  dam  which  could  be  severly  damaged  and  lives  of  the 
inhabitants  could  be  lost,  should  failure  of  the  dam  occur. 
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SECTICN  6  -  STRUCTURAL  STABILITY 


6.1  EVALUATION  OF  STRUCTURAL  STABILITY 

3.  Vis'ial  Observations.  Visual  observations  of  the  dam  and 
appurtenant  structures  are  discussed  and  evaluated  in  SECTIONS 
3  and  5. 

b.  Design  and  Construction  Data.  The  design  and  construction 
data  were  limited  to  that  information  discussed  in  SECTIffiJ  2. 

c.  Operating  Records.  There  have  been  no  known  operations 
which  have  affected  the  structural  stability  of  the  dam. 

d.  Post  Construction  Changes.  No  post  construction  changes 
exist  which  will  affect  the  structural  stability  of  the  dam. 

e.  Seismic  Stability.  This  dam  is  located  in  Seismic  Zone  2. 
However,  it  is  located  very  near  the  boundary  between  Seismic  Zones  2 
and  3.  Since  this  dam  is  located  in  Seismic  Zone  2  and  the  proximity 
of  Seismic  Zone  3,  it  is  possible  that  an  earthquake  could  occur  of 
sufficient  intensity  to  cause  severe  damage  or  failure  of  the  dam. 
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SECTION  7  -  ASSESSMENT/REMEDIAL  MEASURES 


7.1  DAM  ASSESSMENT 

a.  Safety.  Several  items  were  noted  during  the  visual  inspection 
by  the  inspection  team  which  should  be  corrected  or  controlled.  These 
items  are  erosion  on  the  upstream  embankment  slope  and  on  the  emergency 
spillway  guide  dike,  and  brush  and  small  trees  on  the  downstream 
embankment  slope.  Seepage  and  stability  analyses  comparable  to  the 
requirements  of  the  "Recommended  Guidelines  for  Safety  inspection  of 
Dams"  were  not  available  idtich  is  considered  a  deficiency.  These 
seepage  and  stability  analyses  should  be  performed  for  appropriate 
loading  conditions  (including  earthquake  loads)  and  made  a  matter 

of  record.  Also  these  analyses  should  be  utilized  to  detail  the 
corrective  actions  called  for  in  paragraph  7.2.  The  probable 
maximum  design  flood  (PMF)  and  1/2  PMF  will  overtop  the  dam. 

b.  Adequacy  of  Information.  Due  to  the  lack  of  applicable 
engineering  design  and  construction  data,  the  conclusions  in  this 
report  were  based  on  performance  history  and  external  visual  con¬ 
ditions.  The  inspection  team  considers  that  these  data  are  suffi¬ 
cient  to  support  the  conclusions  herein. 

c.  Urgency.  The  remedial  measures  recommended  in  paragraph 

7.2  should  be  accomplished  in  the  near  future.  If  the  deficiencies 
listed  in  paragraph  7.1a  are  not  corrected  in  a  timely  manner, 
they  could  lead  to  the  development  of  potential  problems. 

d.  Necessity  for  Phase  II.  Based  on  the  results  of  the  Phase 

1  inspection,  no  Phase  II  inspection  is  recommended. 

e.  Seismic  Stability.  This  dam  is  located  in  Seismic  Zone  2. 
However,  it  is  located  veiry  near  the  boundary  between  Seismic  Zones 

2  and  3.  Since  this  dam  is  located  in  Seismic  Zone  2  and  the  proximity 
of  Seismic  Zone  3,  it  is  possible  that  an  earthquake  could  occur  of 
sufficient  intensity  to  cause  severe  damage  or  failure  of  the  dam. 

7.2  REMEDIAL  MEASURES 

a.  Alternatives.  Spillway  size  and/or  height  of  dam  should  be 
increased  to  pass  the  Probable  Maximum  Flood  without  overtopping 
the  dam. 

b.  Perform  seepage  and  stability  analyses  comparable  to  the 
requirements  of  the  "Recommended  Guidelines  for  Safety  Inspection 
of  Dams."  These  seepage  and  stability  analyses  should  be  performed 
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for  appropriate  loading  conditions  (including  earthquake  loads) 
and  made  a  matter  of  record.  Use  the  results  of  these  analyses 
to  design  appropriate  corrective  measures. 


c.  0  S  M  Maintenance  and  Procedures.  The  following  0  5  M 
maintenace  and  procedures  are  recommended: 

(1)  Remove  the  bushes  and  trees  growing  on  the  downstream 
slope.  Care  should  be  taken  during  removal  not  to 
destroy  the  existing  condition  of  the  downstream  slope. 

(2)  Protect  the  upstream  embankment  slope  with  an  adequate 
riprap  blanket  to  prevent  wave  wash  erosion. 

(3)  Protect  the  emergency  spillway  guide  dike  near  the  spill¬ 
way  outfall  with  an  adequate  riprap  blanket  to  prevent 
erosion  caused  by  water  flowing  through  the  emergency 
spillway  outfall. 

(4)  A  detailed  inspection  of  the  dam  should  be  made  at  least 
every  5  years  by  an  engineer  experienced  in  design  and 
construction  of  dams. 
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APPnxnix  A 


IIYPROLOrjC  COMniTATIP'XS 


I  lY'v.oLnnic  CO-  'iniTATin-.'s 


1.  !irC-l  was  used  to  develop  tlie  inflow  liydrovran!i  for  J^'fF  and 
hydrolopic  characteristic  of  drainay.c  basin. 

2,  HfC-l  uses  Snyder  'iethod  for  dovolopiny  synt!ietic  unit  liydro- 
graphs  witli  Clarks  Modification. 


Final  Variables 


Ora inape  Area 
Travel  Tine  of  llunoff 
Initial  Loss  of  '’ainfall 
Averaf’e  Loss  Rate 

^t 

Cn 

PMF  Rainfall 
PMF  Percentages 


5.01  sq.  ni 
1.26  hr. 

0.5  in. 

0.05  in. /hr 
0 .  f  1 
0.604 
26.7  in. 

6. hr.  102 
12  hr.  120 
24  hr.  130 


5.  Tlie  inflow  hydroyrapli  w-as  routed  throup'i  the  reservoir  usin;'. 
!'rC-l's  "'.od:i  "i  cd.  Puls  option.  Releases  were  calcalated  for  bot!i 
t!io  pipe  and  spillway.  T!io  pipe  was  assumed  flowing  full  and  the 
broadcrested  weir  equation  was  used  to  calculate  spillway  dis- 
c!\argcs.  Variables  for  the  pipe  and  snillway  liischarpcs  arc 
listed  below. 


Horizontal  Pipe  Vertical  Pipe 


n 

L 

D 


.013  n  .013 

146  ft.  L  16  ft. 

2.5  ft.  D  3.5  ft. 


Soil Iwav 


C  2.5 
L  55  ft.  * 


*  Used  actual  area  of  cross  section  at  dcptl\  under  consideration. 
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PLATE  1 


B/L  Stations 


Outlet  of  Vertical  Structure 


Ofoo  :  lioo  '  2too 


FRONTIER  LAKE 


40'  1  20!  ■  O  201  40!  ■  60! 


ISS-SECTION  (STA.  1+63) 
1964  DR.Mv'INi3S 


CROSS-SECTION 

''TRTTNC  CONDITIONS  (STA.  0+88) 


CROSS-SECTION 

EXISTTNC  CONDITIONS  (STA.  1+63) 


CROSS-SECTION 

EXISTING  CONDITIONS  (STA.  2+45) 


Downstrcan  Slope  -  Hrush  am!  Snail  Ta'ces 


rHivro  4;  Inlet  o<'  Vertical  Structure 


PHOTO  6:  rncr^ency  Spillway  -  llpstrcan  View 


